Abstract. Cultivation of table grapes in warm regions of South Africa is complicated by problems associated with delayed and uneven bud break. Rest breaking agents, mainly hydrogen cyanamide, are applied to overcome these problems. The chill unit accumulation of the five major table grape production regions in South Africa was compared with the minimum chilling required to obtain a high bud break percentage (>80%) and even bud break, defined as 200 hours between 0 and 10
Introduction
Cultivation of table grapes in warm regions of South Africa is complicated by problems associated with low, delayed and uneven bud break (decreased shoot and cluster counts per vine, uneven shoot and cluster development, decreased yield and quality). Rest breaking agents, mainly hydrogen cyanamide (H 2 CN 2 ), are applied to overcome these problems. This practice increase production costs in an industry where producers are already experiencing severe cost pressure.
Any manipulation should only be done if is it scientifically proven to be necessary, as well as economically justified. The minimum chilling required to obtain a high bud break percentage (>80%) and even bud break in grapevines, was defined as 200 hours between 0 and 10
• C, or 400 hours at 3
• C [1] . Results reported from previous studies indicated that when chilling exceed 400 h at 3
• C, the response of grapevines to H 2 CN 2 is greatly reduced [2] and that there is little benefit when H 2 CN 2 is a Corresponding author: eunice@satgi.co.za applied to vines grown in regions accumulating sufficient chilling because the bud break of non-treated vines in these regions is sufficient [3] .
The objectives of this study were to:
• Compare temperature and chill unit accumulation in the five major table grape regions; • Verify the necessity of using rest breaking agents in the respective regions; • Evaluate the effect of chilling accumulation on bud break of three table grape cultivars in two regions; and • Evaluate the potential application of an existing model [4] for quantifying the chilling status of grapevines in two table grape regions.
Materials and methods

Comparison of chill unit accumulation for five production regions
The chill unit accumulation for each of the five major 
Glasshouse trial
The effect of chilling accumulation (0, 50, 100, 200, 400 and 800 hours at 3
• C) on bud break of dormant cuttings of three table grape cultivars was investigated in controlled studies in a glass house over a three year period (2004, 2005 and 2006) .
Cuttings used in the study were prepared from dormant shoots representative of typical canes, collected from commercial vineyards in Saron in the Berg River Valley, representing a warm region (Sultanina, Prime, Sugraone) and the Hex River Valley, representing a cool region (Sultanina). Chilling status of grapevines in the two regions was determined according to the Coachella model of Dokoozlian [3] .
The collected dormant shoots were immersed in water, containing a fungicide (captab 500 g/L), drained for several minutes and placed in sealed plastic bags, which were stored in darkness at 3
• C for 50, 100, 200, 400 and 800 h. A non-chilled control was included in the experiment. After chilling treatments were completed, the single node cuttings were prepared and placed in water trays in a glasshouse, at forcing temperature (22
• C). Cuttings were monitored for bud break three times per week. Bud break date was defined as the first day that green tissue beneath the bud scales was observed. The experimental design was a fully randomised block design, with eight replications of ten single node cuttings per experimental unit.
Data presented include the effect of chilling treatment on cumulative bud break for each cultivar, a comparison of temperature and chilling status between the two regions, as well as chilling requirements of the three Lower Orange River Region, the Saron/Porterville area of the Berg River Valley and Limpopo. The use of hydrogen cyanamide for improved and even bud break is a general practice in areas that receive less than 400 chill units (Orange River Region, Olifants River Valley, the Saron area of the Berg River Valley, Limpopo). Although the Paarl area of the Berg River Valley and the Hex River Valley receive more than 400 chill units, several producers still use hydrogen cyanamide for even bud break. Further evaluation of the chilling requirement of economically important cultivars in the major table grape regions is recommended, to obtain cultivar specific scientific evidence regarding necessity of using rest breaking agents.
Effect of chill unit accumulation on bud break of three table grape cultivars in two regions
In Figs. 1a and 1b Delayed bud break, as well as a lower bud break % (< 80%) was obtained with Sultanina cuttings from Saron, receiving 0, 50 and 100 hours at 3
• C, while a final bud break % of 80%+ was obtained with cuttings receiving 200, 400 and 800 hours at 3
• C. A final bud break % of 80%+ was obtained with all Sultanina cuttings from Hex River Valley, which are ascribed to sufficient chilling temperatures received in the area.
The treatments receiving 400 and 800 hours at 3
• C, showed the most rapid rate of bud break, which corresponds to the results of Dokoozlian [1] .
In Figs Sugraone cuttings collected from Saron, receiving 0, 50 and 100 hours at 3
• C, showed delayed bud break, however a final bud break of 80%+ was obtained. Prime cuttings collected from Saron, receiving 0, 50, 100 and 400 hours at 3
• C, showed a more rapid bud break process, as well as a higher final bud break % compared to Sugraone and Sultanina. It seems as if Prime has a lower chilling requirement than the other two cultivars.
Potential application of the Coachella model for quantifying chilling status of grapevines in two regions
Chilling status for the two regions (Table 2 ) was determined according to the Coachella model of Dokoozlian [3] by calculating the ratio between exposure to chilling temperatures (hours < 7
• C) and chill negating temperatures (hours >20
• C) from 1 May to 6 June (date of sampling the cuttings). According to this model, delayed bud break and reduced total bud break is expected with a chill to chill negation ratio < 0.5, while rapid and complete bud break is expected with a chill to chill negation ratio >2.
According to the Coachella model and the chilling status calculated for grapevines in the two regions, delayed bud break and a lower bud break % were expected for Saron, compared to Hex River Valley.
Based on the results obtained with the glasshouse trial, the necessity of using rest breaking chemicals in the Saron area, for obtaining a high bud break % and even bud break, was confirmed Sultanina and Sugraone. The Hex River Valley receives sufficient chilling temperatures to obtain a high bud break %, but rest breaking chemicals can be used to obtain more even bud break. The Coachella model of Dokoozlian for quantifying chilling status is thus applicable to Saron and the Hex River Valley.
Conclusions
It is recommended that the chilling requirement of economic important cultivars should be determined simultaneously in field trials and glass house trials for the major table grape production regions of South Africa, to verify the necessity of using rest breaking chemicals for specific cultivars in specific regions.
The Coachella model of Dokoozlian [4] for quantifying chilling status of grapevines should be evaluated further for other table grape productions regions in South Africa. It can be used as a decision making tool in planning of dormancy management practices.
